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(54) VARIABLE GAIN AMPLIFIER 

(57)Abstract: 

PURPOSE: To obtain a high frequency band by constituting a 
variable gain amplifier of a differential input circuit, a variable 
resistor, a feedback circuit and an output stage circuit. 
CONSTITUTION: FETs 14, 15, 26 and 27 constitute the 
differential input circuit 60, the FETs 16, 17, 24 and 25 and a 
common mode feedback circuit 35 constitute the feedback 
circuit 61 for feeding back output voltages 104 and 105, the 
FETs 18-23 and 28-33 constitute the output stage circuit 62 
and the variable resistor 34 constitute a gain control means 63 
respectively. The variable resistor 34 is realized by the FET 
and a gain control voltage, a resistance value as the variable 
resistor 34 becomes small when the voltage value of the gain 
control voltage is made large and the resistance value becomes 
large when the voltage value is made small. In the meantime, 
when the voltage becomes large, a bias current is made flow to 
the output stage circuit 62 by the function of the FETs 23 and 
33 and functions so as to make the common mode of the 
output voltage small. That is, the common mode feedback 
circuit 35 functions as a negative feedback circuit. 
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W,J£X$>2> 0 
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[0005] r-r% 11 8 ^TF-t'&ikmnmm^xt^x 
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f^i-5fc»K:iBS*JiJW<9ft»ON/OFFSix5. 

[0 0 0 6] — ^^HtJ|Hn{@W^ficDrt" i"#S<D^ 
*«riiRi-*L«?iJ#tt" CiN/Cfi" fJfSnflS 

[0 0 0 7] 
[0 0 0 8] 

[■RHSrflP*-*-* rro«t9^S6<JSr*^-r 

^ajE^m^-rsiis^siEigst, MiEtH^mjESriitrfEm 
[0009] #5591©* 2 *i&mnt£ffimz&\,^ 

X. m 1 ©*^05pJ#M»#gl:tcjaft*|«lBllSS:«*.fc 

so r. t*ttm.k-rz>t><Dxhz> 0 

[0 0 10] 

[f^ffl] ss»A;*jiiiKk »r*i£tt;, »aiaisxu«w*a 

EIIS^J:0pr3C*iJ»i««»S:«*-r5C4:»cJ:«3» *^ 

< <#3. 
[001 1 ] 

40 0 1 Fras?«j#*«»©jis i wnifewsr^ 

i-«^ny^H-eas>s. Hi^*jv^n 4, 15, 1 

6, 1 7, 1 8, 1 9, 2 0, 2 1, 2 2, 2 3, 2 
4, 2 5, 2 6, 2 7, 2 8, 2 9, 3 0, 3 1, 3 2 
RXI 3 3 HMO S m#$J* h 9 ^ v 5 ^. ^ (Metal Oxide 
Semiconductor Field Effect Transistor : tlT, F E 
TiW, ) , 3 4l£nr^»£u 3 5(i3*y*-K» 
1 0 2S.U«1 0 3(4A^mflE. 104SyiO 

[0012] ^t, FET14, 15, 26£.rj?27 
so (iM®jA^[HlSS6 OSr, FET16, 17, 24, 25 
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0 5 ZMMM-t ZMmm& 61^ FET18-23S 
^2 8-3 3 nmtl^m 6 2 «r, *T^®£i 3 4 H#J# 

[0013] A£)mi± 102 SI/ 103ftFET14l 

^HFET2 70K^y|:, FET2 7^y-^fiF 
E T 2 6 CO Kl^^fcSmgjh,*. 
[0014] £fc N FETH^KW y^FET2 1 
OV-^, FET22M230KW^ "^Sift 3 10 

4o-«stc*ix j e*x»a*n, fetiskw^f 

ET31COV — X, FET32SU ( 33(OKK>', *T 

^}£St3 4^ftiiffi^- ; en- : ett^$n^o 

[0015] FET21WKW ^Ji FET1 6 <£> K ^ 

^yWFET2 0<z)y-^(:gSJti, fet20co 

K l^^ >liffl*«E 1 0 4 Srffl^t 5 t FET1 
FET 1 9<D yftffa*^- KiJ§ 

[ 0 0 1 6 ] — *\ FET3 1 CO K W >f2 FET17 

0 K K >MF E T 3 0 y-7{:88 Jil, FET 20 
3 0 ^ K W yiiffl^tS l 0 5 Sr(lJ*t5 F 
ET17<£>y— K F ET 2 9 CO KW yjtfa^^ 

[0 0 17] 3*^*— K»aiiaiS3 5 0UJ*ttFET 

[0018] FET1 6M1 7(^y-X(iFE 

T2 50K^yt8SKS*l, FET2 5(7)y^(j:F 
ET24^KWy(:»^5o FET19M29 
coy — 7(j;FET 1 SRXI2 8 CO FWyCtiJJl 30 

[0019] FET18, 24, 2 6M2 8 

coy — *tejE@ffijI" Vdd " FET 2 2, 2 3, 3 
2M3 3^7>K" GND" fc*n«X*R£ft 
5o FET 1 8, 2 4, 2 6 St> + 2 8 CO^— h , 

FET 1 9, 2 5, 2 7&t>*2 9coy— K FET 2 0 
Rlf3 0<O^~K FET2 1^3lcoy-h(Cf« 

[0 0 2 0] El 2 ttH 1 fC^-T^ 1 cOHS£0iJ^*3 

A= VOUT /VlN = gmi / gmf 

[0 0 2 7] rcO^!j#" gmi /gmf" (iFETl 4—1 

[0 0 2 8] — *\ El 4 ^^oV>T 14 — 35, 1 0 2- 

1 0 5(i|g 1 £1*1— ??^#ttfo^ 4 3&t>*4 4te: 

Il-I2 = 2gmi-(V1- 



tt5"ST^gtt3 4W^^y^- K»aiUK3 5<0^ft: 
««:»Lfc»ilBEKBTfc5. r^T% 14-3 3, 1 
0 2 - 1 0 5 I4E 1 t P-^#-Cfc ») , 3 6, 3 7, 3 
8, 3 9 FET, 1 0 6tt5pJ#ffi!HBl«JEt?&So 
[0 0 2 1] Hllw*5«t5nr*«gi3 4(iFET36S 
1 0 6 K ct «9 H^^n, ?U»»M9WE 1 
0 6 £>«JBEM«:*:# < tfttf, "T^Sfei 3 4 t LTcOffi 
»t«39 J /h*<ftO, WE«Effl[Sr/hS<i-ntfWE««: 

[0 0 2 2] — *\ =3*^*— KflKBIUgS 3 5 fiB 2 4> 

*j»-c*$ixsa5^j:f!)*^sn. hie" vcm" ttm 

^mffi 1 0 4 t 1 0 5 cOfPtCit^J. BP*>, ttS^J®i±c03 

[0 0 2 3] ^(O^m, mm" Vcm" tf*#<45tF 
ET 2 3&I5 3 3 ©flUHK: J: 9 HtfJ&EB 6 2 K^>f T 

5J:9««o WEE" Vc«" 

[0024] ::-e, h i tes-ras 1 <Dmmm<Dmt¥& 

H3XtfB4«:ffl^"CttWt5o HI 3 tt ^I^Sfei 3 4 CO 

[0 0 2 5] B3fC*5V^Tl 0 2—1 0 5 fSB 1 ^ 

«F#«rW-L-Cfc9, 4 0M4 1 tt3MtbA*EIK. 4 2 

s>5»£\ gp^, «raE»gt3 4*s*rv^»*. bioems 

JiA^iWEE 10 2 Rrj 10 3 ^n®,A^/Ii3K 4 o \z.A£l 
tmW)?<JjW\& 4 1 coA^*^-f-'Jf51^n^r 

So 

[0 0 2 6] 11 3 ^"TEIK^JW" A" tt *S¥5 
-8 5 6J [zmM&ftX^^Z>£?\C?<jj j mJ£l 0 2 t 1 

0 3 O^flffiSr" Vin " , 104H05 co^ 
mi££r" Vout " , ^» A* ESS 4 1 co h ^ >- 
* . 3 y^^y^^ gni " xtT gmf" fci-ftli, 

(0 

A«ft4 3St/4 4^g«Sttfc j St?fc5o 

[0 0 2 9] rrT% AAttflEl 0 2X151 0 3 CO^IE 
ffiS:" VI" Xtf" V 2 " . FET14 Rt5 1 5 CO h 5 
. 3 ^ ^r" g Bl " , F E T 1 6 Xt5 1 7 

CO h^V^ ■ gmf " x FET 1 4. 

1 5 pl^SSt 3 4{cSltjx5«SESr J E:ix^ix" I 

1" % " 12" Xt5" I 3" t-T^t, A^J«/£l 0 2 
^l 0 3J;H^v>S^ 
V2) (2) 
[0 0 3 0] Sfc. ttJ^^lHlSS6 2(0124^" -T" ^« 
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A I = I 1 - I 3- (I 
=11-12-2 • 

[0 0 3 1 ] i> ^m&tfi 3 4 Oftt^ffiPg*T*&*l^ 

A 1 = 1 1 — I 2 
T'fcSo IP*,, *T3«gSt3 4tCj: V) b?^* • 

gmi" 2 • 13" /£i*IMBttte/h&<4o 
A = Vout /Vis =(gmi 

[0 0 3 2] r HWjA^IU&e 0. pT^iS6t3 

4 . wsiaK 6 1 ^^tti^^iHiK 6 2i:±d 

U ^r*«a3 4 0«tt;«[«r*<bS*6^i: 

[0 0 3 3] n r t\ MM" I 3 " tt F E T 1 4 Rtf 1 
5*»bo«8IE" II", MM" 12". fT2H&6l 3 4 <£> 
ttttft. i4t" -f" XtT n" ^&(i)Attl§lK6 2£r 
^fc^Y yt°-^y^iaot^5^\ ffi^f^[Hli^6 2 
fiMO S F E T-e«^SiX-CV^fefeBftlE>r >t:°— 

[0 0 3 4] Sfc, A^miEl 0 2S151 0 3^MOS 
F ETtcJ; 9 5tfT^S/b£>iSA;0-f 

[0 0 3 5] Sfefc, e*H»^*fc<5:«jffi^)«ttffl* 
S[H]S§6 2(Dttl*}Sfet^, Mfl4 3W4 4CJ;o 
t*S5©T, ^r*»ao«»ifi*r*Yfc**Tt>3RI#tt 

[0 0 3 6] HI 1 tC^-T^ 1 0>*J£#mSMO S 

[0037] in 5 n^m\cm^mmmmm 

V^tl4, 15, 18 — 2 3, 2 8 — 3 3, 3 6, 1 0 
2 — 1 0 6 f*|2 2 — 16 a, 1 

7a, 4 5, 4 6, 4 7M4 8flFETtfe5 0 

[0 0 3 8] A^fflffi 102 XT* 103liFET14I 
t;i5^-M:A*§^ FET14Wl5£7)y" 
^[j:FET4 6(^KKy(:, FET46^y-^liF 
ET4 5 CD KWVCgi^^o 

[0 0 3 9] ^fd, FET 1 4(Z)KWy(iFET2 0 
<DV — FET 2 2, 2 3&t*3 6 0) KW >lC-t*L 
-enSJBc^ix. FET15KK^FET30M3 
6<£>y — * x FET3 2M3 3 CO ^{Z^tl^tl 

[0040] FET20C0KK ^fltU^®BE 1 0 4 £ 
mA-rSfc*!-, FET16aOy-«tfFET19 
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)eff / gmf (5) 

10 <D KKy^tiftiSfiESnSo 

[0 04 1] — FET30(DKW Vtetti^SJE 1 
0 5 5ril^i-^ kMZs F E T 1 7 a (D*f — hSt/F E 
T2 goKWX^MMt^^ 

[0042] FET16 a XI* 1 7 a OV- 

FET47(DKK^ FET23i:FET33©y- 
MC-tiX-pnSSWSiX, FET4 7 CO y — ^(iFET4 
8<D KK^CSftShSo FETHOy^fiFE 
T 1 6 a ^0 VfclSfittSfU FET29W 

V — ^(iFET 1 7 aM2 8 (7) K U-Y ^(Cg^iBcStt 

20 £> 0 

[0 0 4 3] FET18, 28M45^y- 

^teiEmEEai" Vdd" FET22, 23, 32, 3 

3Si;4 8i^7yr gnd" ^-ett^^M^n 

£ D Sfd, FET18, 28Xt*45cD^— K FET 
19, 2 9W4 60^-h, FET 2 0, 3 0M4 
7<Dtf— K FET 2 2, 3 2 Xt>* 4 8 <Dff— V 

[0 044] H5 2 cDHJg^JtDS^W/cCiftfpte 

Ell fc*i-JBlo*18«fcra«^fcS<O^RMf4«l»i- 
30 5 0 05^^TFET1 6 aMl 7 a^^^ift 
A^SSSteN^OFET-ClS^c^ttr^oD, ^(DmShA 

[0 0 4 5] H6tt*«MK«5Rr*?U#*i«* 
3 ©*S«Sr*t*fiJ^n y ^ h-c fcs o H5ti3 
V>T14, 15, 18 — 2 3, 2 8 — 3 3, 3 6, 4 
5, 4 6, 1 0 2— 1 0 6J3HI5 tm— ?f^#Ltfc 
•9, 4 9 XU 5 5 0 KMSSu 51|j:git*$)So 

40 [0 0 4 6] A^flffil 0 2»tfl 0 3(4FET 1 41 
1*1 5CD^- hlCAJl&tl, FET 1 4X1*1 5CDy — 
^FET4 6©KWyC, FET460y-^liF 
ET4 5<D Vls>(>\Z.mWi&fr : £>* 
[004 7] FET 1 4<D 2 0 

coy— FET 2 2, 2 3M3 6 0KWy|: ; E:tl 
-WxSHRSi'U FET15KW>ltFET30atf3 
60y-^, FET3 2RU 5 3 30KWy|C J E:ixfil 
8i$tl5 0 FET 3 6©y— h^H*l#«IW«flEl 0 
6^A^£*x3o 

so [0048] FET20OKW >tem^mj£ 1 0 4 £ 
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[0 04 9] — -)5^ FET30(DKW ^n.\&f}W£ 1 
0 5^M5«C, F E T 2 9 <D K ^ X&tfjgfit 
5 O^-ffi^^tb^n^ic^n^o 

[0 0 5 0] ^/c, SfiU 9<^»Wlftfi$i5 OOfi&Jjft, 
ft 5 1<D— ffi. FET2 3M3 3^^-M:^f 
jftBHttSfl* tf 5 1 ©ffe*ttS!**ix, FET19S 
t>*2 9 <Dy — ^liF ET 1 8&I/2 8 <£> KK^SSiK 

[0 0 5 1] FET18, 28M45(DV- 

* tt^flffiJR" Vdd " F E T 2 2 , 2 3, 3 2 &t>* 
3 3(^7yK" GND" tttl?timtgt£tl2> a * 

A' = Volt /Vin =(g B 

[0054] B2, msRximecDx^^mmm 

h^>* - a^**^*" (gmi)eff " XrM»SI§lS& 

[0 0 5 5] rtbfi, F E T 3 6 ^S6ttt««T»f^ L 
TV^O|c»LT, ft© F E TiSftfP««T?ftff LTV> 

[0 0 5 6] H7ttr©J:5*IB«4:*fti-*fc«>«» 
»J»«E i o 6 (DaAMfti-saAMfltlilK^AffMtr 
^tBBa-efcSo 3 6Mio6ij:gi2, m 

r ds54 = 1 / g ds54 

[0 0 6 0] fl&mWLm 5 2 CQffi^H^LOfg^r" 

Vctr = I var (R + T ds54 

[0 0 6 1] Sfc, F E T 5 4 te»fittt1fi«T*»{£LT 

Vctr (T)= I var (R + T 

Vctr (T+AT) 

= I var (R+ Tds54 (T+AT)) 

= I var (R + r ds54 (T) + A T ds54 ) 

= I var (R+ Tds54 (T)) 

X{l+Ards54 /(R+rds54 (T))} 

= Vctr (T) • { 1 + A r ds54 /(R+rds54 (T))}(10) 

i:46. 

[0 0 6 3] *fc, 

Ards54 =rds54 (T+AT)— rds54 (T) 

= r ds54 (T) • At n (T) 

X{l/ Mn (T+AT)-l///a(T)} 



tCs FET18, 2 8RZf4 5^- K FET19, 
2 9&I54 6<7>y— K FET20W30Oy-F, 
FET 2 2&l>*3 2 0y-ht:|j:W ; etl^7^tE 

[oo52] h 6 izTfk-rm 3 <D*i6flao**tt*«iif^t> 

£ Q El 6 K*3^Tlg#t4 9&U<5 0#EI i (7>j§aI[eJ&g6 

[0053] rrt\ me \^-tm 3 o*J£^j<z>^j#" 

A' " tttttt4 9RX*5 0 Rf" 

d )eff * R f (6) 

[0 0 5 7] 07 tC*5^T 5 2 te^^mUM. 5 3 ttjg 
fit, 5 4fj:FETffe5 0 RTX«8EaS^— «8fi*J»»Jffl 
fg3 4tfc5FET3 6 0^- bRVti&tjiS 3 MS 
fttt 5 3 ©ffi«tt F E T 5 4 © K W ^li 

20 gt^tL^o 

[0 0 5 8] Sfc, RraE«SE«5 2Wf4SMFET 5 
4<7)y— h^IEmffiag" Vdd" FET 5 — ^ 

HL^^K" GND" ^-tix-PixSEttSixS- fib. F 
et 3 6<£>y-;*;&tf K w vte*rt-asaK^B8bTtt 

[0059] a 7 ^*-t-a**tfltia*«>»f^«: 

IftW1-5o FET 5 4tt»»ttt««-Cibf^L-CV^5cO 
T\ FET54^y-^- K l^-Y ^HBJSfitS:" 
r ds54 " , FET54(7)F7 >^ • = >y ^ ^ 

30 gds54 " 

(7) 

I var " , SfeiS 3(7)}gfetft^" R" cblTS^ fU»M 

MEl 0 6" Vctr " tt x 

) (8) 

n(T) " fci-ixtf, FET5 4C?y — * ■ KWV'IBfi 

[0 0 6 2] J»»ia«Sr- T" <t-r5£. 

ds54 (T)) (9) 

40 = T ds54 (T)'/i n (T) 

X { 1 / [ £i n (T) + A /X n ] — 1 / /in (T)} 
^rds54 (T)'{-A M n/jUn(T)} (11) 

* (10) ft, 
Vctx (T + AT) 

= Vctr (T)'{l + r ds54 (T)/(R-rds54 (T)) 
X(Ayn/ J Un(T))} (12) 

[0 0 6 4] ::t% J&#C5 3<Z>|g#i<I«:FET 5 4(D 
y-* . KW^IIjaESiteKff«L<46J:5fcWi-*- 
so a (1 2) tt. 
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Vctr (T+AT) 

= Vctr (T)-{l + l/2-(A/x n///»(T))} 
oc( Mn ( T ))-^ (13) 

[0 0 6 5] tf:, FET3 6iifgfeitti*t'l^tt 
gds36 (T)oc Mn ( T )-( M n(T))-" 2 

{(gmi )eff /gef }(T) 

= g B b (T)/{gmb (T)+gds36 (T)} 

X g Dl (T)/g 0 f (T) 
c*Un)l/2 /{a (/In)" 2 + b (/,n) 1/2 P ) 1/2 /(/ip) 1/2 



= (^n(T)) I/2 (14) 

gab (T)" , h7^'^^^^" g 
ci (T)" RZT g»f (T)" »" ( M n(T)) i/2 " fcUtflW 

[0 0 6 6] t£o-c. W»<oaWE*ft:l2:»r*«»»4, 



= c o n s t . 

[0 0 6 7] S (15) 

fMMMB#»6 3 KlftftlHMEE 1 0 6 ©Miftt 

[0 0 6 8] 

[0 0 6 9] #ffFBI*^«Sffl^2«fE«^«K^ 

[ii] *»w^«*^rK5pj»*«»o*i^^ifi«^ 
[B2] fni©*ii5«^*5»t*^raEStt3 4x^3*^ 

[H3] Rlf )£6i3 4(OjgfiiI^iPi*T*fe5S^? 
[04] ^*SfiL3 4<0«gtffl[^*IS-efcS»^0»f^ 
[19 5] *»M^«5RrslE3pJ#it«»^*2^||*0tJS: 
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(15) 

[me] *»w^«*^ae*j»*«»^*3^iias«sr 
[B7] fij#»j»«EE<oa*««i-5«a«*i«ia»o* 

[B8] tt*0^**U»*«»o— «SrS%i-|a»B-(?* 

So 

[«F»0>BW§1 

1 ttJFJtflW 

2 , 3 , 4 , 5 , 5 1 # ft 

6, 7, 8, 9, 10, 11, 12, 13, 14, 1 
5, 16, 16a, 17, 17a, 18, 19, 20, 

2 1, 2 2, 2 3, 2 4, 2 5, 2 6, 2 7, 2 8, 2 
9, 3 0, 3 1, 3 2, 3 3, 3 6, 3 7, 3 8, 3 
9,45,46,4 7,4 8,54 FET 

3 4 pl^JgfrC 

4 1, 6 0 mW)A*}\E}& 

6 2 mti&m& 



3 5 

4 0 
4 2 
4 3 

4 9 

5 2 

6 1 
6 3 
10 0, 
10 1, 
10 6 



4 4 ftffifS&ft 

5 0,53 

10 2, 10 3 
10 4, 10 5 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

J£] BLACK BORDERS 

jail IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
P GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

13 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



